Objective. We compared the treatments of uterine carcinosarcoma at our institution and evaluated their impact on survival. Methods. A retrospective analysis was performed on 60 eligible patients with carcinosarcoma limited to the pelvis. Subjects were divided into four categories: surgery, surgery plus chemotherapy, surgery plus radiation therapy, and a combination of surgery, chemotherapy, and RT. The most commonly used chemotherapy was cisplatin and/or carboplatin and taxol. Radiotherapy included external beam radiation therapy (EBRT) alone or with high dose rate (HDR) brachytherapy or HDR brachytherapy alone. Survival probability data were computed using the Kaplan-Meier method. The differences between groups were compared using the log-rank test. Results. The combination of surgery and radiation therapy with or without chemotherapy is seen to improve overall survival (OS) compared to surgery alone ( = 0.044 and = 0.028, resp.). Brachytherapy involving three HDR vaginal cylinder fractions shows an equally effective reduction in local recurrence compared to EBRT. Conclusion. Our study of a relatively large number of carcinosarcoma patients suggests that adjuvant radiation therapy improves OS compared to surgery alone. Brachytherapy with 3 HDR vaginal cylinder fractions is preferred because of its time-saving, better tolerance, low toxicity and equivalent OS, and local control compared to EBRT.
Introduction
Carcinosarcoma is a rare malignant tumor composed of both epithelial (carcinomatous) and mesenchymal (sarcomatous) components [1] . In Western populations, uterine carcinosarcomas account for less than 5% of all cancers of the uterine corpus [2] . It usually occurs in postmenopausal women more than 60 years old [3] . Approximately 35% of carcinosarcoma patients present with advanced-stage disease at diagnosis. The five-year overall survival rate for all stages is 33-39% due to the high propensity for both local and distant relapse [4] [5] [6] . For patients with stage I disease, overall 5-year survival is approximately 50%, and for patients with advanced-stage disease, 5-year overall survival is less than 25% [7] . Cancer stage, particularly, depth of myometrial invasion, is the most important prognostic factor in carcinosarcoma [7, 8] .
Although surgery is the primary treatment, several retrospective studies were performed to determine which adjuvant therapy is best: chemotherapy and/or radiotherapy [3] . Due to high local and distant recurrence rates, radiotherapy and chemotherapy have been used to increase the probability of local or distant control and several studies have demonstrated decreased rates of local and distant failure with chemoradiotherapy or chemotherapy and radiotherapy alone [6, [9] [10] [11] . However, few studies have demonstrated any improvement in progression-free and overall survival [12, 13] .
At our institution, we treated a comparatively large number of uterine carcinosarcoma patients between 2000 and 2011 despite its rarity. Management of this cancer included surgery alone, surgery plus chemotherapy, surgery plus radiation therapy, and a combination of surgery, chemotherapy, and radiation therapy. In 2005, our institution replaced "pelvic RT and/or chemotherapy" with "high dose rate (HDR) vaginal brachytherapy plus chemotherapy" as the preferred treatment of carcinosarcoma patients based on our clinical experience and reported evidence. In this study, we review our experience of treating carcinosarcoma patients and report the results of local control, distant metastasis control, and overall survival rate.
Materials and Methods

Patient Population.
After the approval of our institutional review board, we reviewed all medical records of patients who were diagnosed with uterine carcinosarcoma from January 2000 to November 2011. There were a total of 83 patients. Three were excluded due to incomplete treatment history. A further 11 patients with distant metastases were excluded. Three patients who declined surgery were excluded and another two died before surgery. Four patients presented a different final pathology although the initial biopsy showed carcinosarcoma. The remaining 60 patients with stage I-III disease limited to pelvis were included in this study. All patients staged using legacy FIGO stages were restaged using the FIGO 2010 standard based on their pathology reports. The mean age of these patients was 65 years (range 39-86). The time of diagnosis was considered to be the pathology report date of either biopsy or surgical procedure, whichever was earlier. The average follow-up length was 34 months (range 1 to 124). Time from diagnosis to recurrence and death or latest contact was also calculated.
Treatment.
All patients underwent surgery. The most commonly used chemotherapy protocol at our institution was concurrent cisplatin every 3 weeks with radiation, followed by carboplatin and taxol (3-6 cycles, carboplatin AUC = 5 and taxol 175 mg/m 2− ). Radiotherapy included external beam radiation therapy (EBRT) to the whole pelvis using 10-18 MeV photons generated by a linear accelerator and HDR vaginal cylinder brachytherapy was performed using HDR Iridium 192 after-loading technique. Radiation treatment modalities included EBRT alone, vaginal cuff brachytherapy alone, and EBRT plus brachytherapy. Before 2005, the most commonly used radiation therapy regimen was EBRT to the pelvis using a four-field box technique (45-50.4 Gy) with or without HDR brachytherapy using Ir192 (usually 6-7Gy in one fraction, only one patient received 6 Gy × 2). After 2005 brachytherapy was the preferred treatment choice with 15-18 Gy delivered in 3 fractions in most cases. The dose was prescribed to 5 mm beyond the cylinder surface. One patient who received both chemotherapy and radiotherapy received only 27 Gy EBRT due to acute radiation induced enteritis and small bowel obstruction.
Statistical Methods.
Chi-square test, Fisher's exact test, or Student's t-test as appropriate, was utilized to determine the difference between the treatment groups. Survival probability data were computed using the Kaplan-Meier method, and the differences between groups were compared using the log-rank test. The overall survival (OS), time to local recurrence (TLC), and time to metastasis (TTM) were computed and compared.
Results
Median followup for all surviving patients was 3.61 years (with a range of 0.477-10.35) with an average follow-up time of 2.8 years for all patients included in this study. Median age at diagnosis was 65.5 years old. Median time from diagnosis to surgery is 24 days (range 0-179). Only two patients underwent surgery beyond 2 months after diagnosis. The delay in these two cases was for patient's personal reasons. Table 1 lists the characteristics of these 60 patients. Table 2 lists the characteristics of 32 patients who received radiation therapy.
Forty-five patients had total abdominal hysterectomy and bilateral salpingoophorectomy, (TAH-BSO) and pelvic and paraaortic lymph node dissection (PPLND); 8 patients had TAH-BSO; 7 had TAH-BSO and pelvic lymph node dissection (PLND). The surgical distribution appears not to be different among 4 groups ( = 0.15). Statistical analysis revealed no overall survival difference when comparing TAH-BSO to TAH-BSO and LND ( = 0.88) in our study. Twenty-one patients were treated with surgery alone, 27 patients received chemotherapy, and 32 patients underwent radiation therapy at the treating physician's discretion. Only 7 patients received chemotherapy alone as adjuvant therapy. In surgery only group, 2 patients underwent TAH-BSO PLND and optimal cytoreduction. In surgery plus chemotherapy group, 1 patient underwent TAH-BSO and optimal cytoreduction. In surgery plus RT group, none underwent optimal cytoreduction. In surgery plus chemotherapy and radiotherapy group, 1 patient underwent TAH-BSO PPLND and optimal cytoreduction. Statistical differences were tested between different treatment groups without further stratification by age and stage. Age and stage variations were tested between every two groups. Age analyses showed that surgery alone included older patients than the patient group who received surgery plus chemotherapy plus radiotherapy ( = 0.041). No age differences were detected in other group to group comparisons: surgery alone versus surgery plus chemotherapy ( = 0.99), surgery alone versus surgery plus RT ( = 0.81), surgery plus chemotherapy versus surgery plus RT plus chemotherapy ( = 0.08), and surgery plus chemotherapy versus surgery plus RT ( = 0.84). Age analyses for the radiation groups were insignificant: brachytherapy only versus brachytherapy and EBRT ( = 0.59), EBRT only versus brachytherapy and EBRT ( = 0.34), and EBRT only versus brachytherapy only ( = 0.65).
Stage distribution difference analyses showed that more stage II patients were included in the surgery plus RT group than compared to the group of all three treatments combined ( = 0.01). Global tests showed no difference between the distribution of stage I ( = 0.94) or stage III ( = 0.18). Pairwise comparisons showed there is no stage II difference between other group to group comparisons. There was a statistically significant difference of stage I patients between the EBRT and brachytherapy group and the brachytherapy only group ( = 0.01). Global tests showed no difference in the distribution among the groups for stage II ( = 0.13) or stage III ( = 0.66) or differences in stage I distribution between EBRT only and brachytherapy only ( = 0.42) or EBRT only and EBRT plus brachytherapy ( = 0.12).
In this study, 9 out of 21, 3 out of 7, 7 out of 12, and 12 out of 20 patients survived following surgery alone, surgery plus chemotherapy, surgery plus radiation therapy, and a combination of surgery, chemotherapy, and radiation therapy groups, respectively. The estimated 1-year OS and 3-year OS for those who had surgery alone were 71% and 44%, respectively. The 1-year OS and 3-year OS were estimated to be 91% and 61% for those who had surgery with radiotherapy. Patients who had surgery plus chemotherapy had a calculated 1-year OS of 57% and a calculated 3-year OS of 28%. In addition, 1-year OS and 3-year OS are 90% and 62%, respectively, in the trimodality treatment group. Moreover, the 1-year, 3-year, and 5-year overall survival for all 60 patients during the past 12 years are 80%, 53%, and 43%, respectively. The 5-year overall survival of all patients encountered our institution including stage IV disease is 36%.
With an average follow-up time of 2.8 years, 12 patients developed local recurrence and 14 patients developed distant failure. Median time to local recurrence and median time to distant metastases were 0.99 years and 1.27 years, respectively. True median time to local recurrence and median time to distant metastases cannot be calculated here as less than 50% of the population experienced the event. For these 60 patients, the overall 1-year local recurrence rate (LRR) is 11.2% and the 3-year LRR is 24.7%. The 1-year and 3-year distant recurrence rates are 11.6% and 23.4%, respectively.
Further data analysis showed that the combination of surgery plus chemotherapy plus radiation therapy and surgery plus radiation therapy showed significant improvement of OS compared to surgery alone ( = 0.044 and 0.028, resp.) (Figure 1(a) ). Not counting the patient who received surgery 179 days after diagnosis, overall survival comparison remains at a statistically significant level ( = 0.03 and 0.015, resp.).
Our data suggests that trimodality therapy with surgery plus chemotherapy plus radiation therapy and surgery plus radiation therapy likely improves OS compared to surgery plus chemotherapy. However, due to the limited number of patients in each group, this did not reach statistical significance ( = 0.12 and 0.093, resp.) (Figure 1(b) ). Adding radiation to surgery improved median survival from 2. It is worthwhile to note that there was a possible improvement in overall survival with the addition of radiation therapy in stage I patients compared to surgery alone with a hazard ratio of 0.424 ( = 0.24) ( Figure 2 ). In stage II and III patients, there were no discernible overall survival differences among the three groups (surgery versus surgery plus RT, = 0.82; surgery versus trimodality, = 0.94; surgery plus RT versus trimodality, = 0.75).
In addition to overall survival, we also compared local recurrence and distant metastasis free survival among all three groups ( = 0.49 and = 0.99, resp.). There were no significant differences identified. In stage III patients, those who received trimodality therapy had less distant metastases compared to the surgery plus radiotherapy group ( = 0.23) (Figure 3) . Among stage III patients in the trimodality group, 2/10 received EBRT only, 4/10 received both EBRT and brachytherapy, and 4/10 received brachytherapy alone. Among patients in the surgery plus RT group, 2/3 received EBRT plus brachytherapy, and 1/3 received brachytherapy only.
We compared different radiation therapy modalities in the group of surgery plus radiation and the group of surgery plus chemoradiation. Patients in the brachytherapy alone group showed equally effective decreased local recurrence rate (LRR) compared to the group that received EBRT alone ( = 0.08) (Figure 4(a) ). Only one patient (stage III) in the brachytherapy alone group developed local recurrence. However, the LRR difference between brachytherapy alone and EBRT alone did not reach statistical significance in our study. Similarly, no local recurrence differences were found when comparing both brachytherapy and EBRT versus brachytherapy alone ( = 0.63) and both versus EBRT alone ( = 0.68). There was also no significant difference when comparing distant recurrence among different radiation modalities. Overall survival was not significantly longer in any of these 3 different radiation therapy modalities (Figure 4(b) ). We further grouped EBRT alone and EBRT plus brachytherapy together and analyzed their local recurrence, distant recurrence, and overall survival as compared to the brachytherapy alone group. No significant differences were detected ( = 0.15, 0.32, and 0.24, resp.). There was also no statistically significant distribution difference between stages I, II, and III of these two groups ( = 0.07, 0.11, and 0.49 resp.).
Adverse side effects were analyzed among different radiation regimens and graded according to Common Terminology Criteria for Adverse Events (CTCAE) v.4.0. In patients who received EBRT, grade 1-2 side effects with the most common being GI irritations such as diarrhea and rectal urgency were noted in ten out of 18 patients (56%). Four out of 18 patients developed grade 3-4 side effects (22%). Three patients developed small bowel obstruction (SBO) and one of them underwent surgical resection. One patient developed severe enteritis, for which she had intestinal resection. One patient in the brachytherapy only ( = 14) group developed mild diarrhea (7%). Another patient developed partial SBO (small bowel obstruction), which is unlikely, but might be related to radiation ( Table 2 ). In twelve patients that received chemotherapy in addition to EBRT, 7 of them developed grade 1-2 side effects (58%) and 2 of them developed grade 3-4 side effects (17%). In brachytherapy alone group, 8 patients received chemotherapy, of which 1 developed grade 1-2 side effects (13%) and 1 developed grade 3-4 side effects (13%).
The most common surgical complications in these patients are wound dehiscence (5 patients), incisional hernia (3 patients), and postoperative ileus (3 patients).
Discussion
Our single-institution findings demonstrate that 15% of surgically staged uterine carcinosarcomas presented with distant metastasis, 43% presented with disease outside of the uterus, and only 43% presented with stage I disease. These numbers are comparable with previous studies given different patient populations and surgical techniques [2, 14, 15] . According to our data, adjuvant radiation and chemotherapy or radiation and chemotherapy alone offered overall survival advantages in carcinosarcoma of all stages. Although surgery alone was performed in relatively early-stage group of patients, it has an inferior overall survival compared to more advancedstage patients who were treated with adjuvant radiation therapy or adjuvant chemoradiation. This suggests that even in stage I carcinosarcoma, surgery alone is not sufficient and adjuvant radiation therapy is beneficial. It is possible that there is occult microscopic disease in early-stage patients. It is also noted that all three combined modalities might have a trend towards an increase in overall survival rates of stage I patients compared to surgery alone. Such a trend was not observed in stage II and III patients. This suggests that adjuvant chemotherapy and radiotherapy is more effective in controlling microscopic disease in early-stage patients.
Chemotherapy and radiotherapy have demonstrated efficacy for carcinosarcoma patients [6, 12, [16] [17] [18] . No statistically significant difference was identified between adjuvant chemotherapy and radiation therapy [19] . A multimodality approach is favored by most institutions. The findings at our institution revealed similar results; there is an overall survival advantage if adjuvant radiotherapy was used, and we failed to detect statistically significant survival benefits for chemotherapy as opposed to radiotherapy. We noted a decline in distant metastatic rate for patients with stage III disease receiving chemotherapy but not in patients with early-stage disease. This is perhaps due to the greater chances of having occult distant metastases upon diagnosis. Administering chemotherapy immediately may limit advanced-stage disease. However, these results should be viewed with caution due to the small sample size and relatively short follow-up time.
Both EBRT and LDR brachytherapy have been reported to promote locoregional free survival [12, 13, 20] . For HDR brachytherapy we used a dose of 5-6 Gy × 3 to limit late side effects [21] . Our data suggests that adjuvant brachytherapy with three HDR vaginal cylinder fractions results in similar local control as compared to EBRT. The high dose delivered by brachytherapy to the local tumor bed may be as effective as EBRT in terms of controlling local recurrence. However, despite our stage distributions there was no statistical significant difference between EBRT only and brachytherapy only. It is possible that physicians selectively recommended brachytherapy only to patients with early-stage disease, which results in superior local control. Although our data analysis between different treatment groups did not reveal significant stage differences, it was limited due to the small sample size in each group. Our data demonstrates (on an admittedly limited scale) that brachytherapy alone is not inferior as compared to the other two groups. Furthermore, patients treated with different radiation modalities demonstrated similar overall survival. This suggests that EBRT over several weeks does not offer additional benefit to carcinosarcoma patients. Three fractions of HDR vaginal cylinder brachytherapy appears to have an equivalent survival benefit as compared to 5 weeks of daily EBRT treatments.
Side effects were noted to be higher with EBRT compared to brachytherapy only. Chemotherapy may also contribute to the side effects. In our study no difference in toxicity was noted between EBRT, with or without chemotherapy. However, in the brachytherapy group, the addition of chemotherapy contributes to the GI side effects.
The median survival of our patients is 24.5 months as calculated from date of diagnosis with a median delay of 24 days between diagnosis and surgery, compared to 16 months reported in other studies [22, 23] . This difference in median survival may be attributed to the fact that we included different patient populations and stages in our study compared to the other studies [24] . Our 5-year overall survival rate is 36% while the historic 5-year survival rate is 33-39%. Thus, the treatment experiences at our institution share parity with other institutions. Our study has two main limitations. Firstly, as with any retrospective study, there may be a potential selection bias with respect to recommendations regarding adjuvant therapy. Secondly, although this is one of the larger reports of uterine carcinosarcoma, subcategorized patient numbers have limited the scope of our analysis and comparison across treatment groups.
Uterine carcinosarcoma is a rare, aggressive malignant tumor with poor prognosis. Multiple treatment modalities published in the literature show impact on local control and overall survival. Surgery plus adjuvant radiation and chemotherapy shows superior survival even in early stages in our study. Nevertheless, a randomized multi-institutional prospective clinical trial is needed to confirm the optimal treatment approach.
